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THE DETERMINATION OF THE DIASTATIC POWER OF MALT AND BARLEY.
- By H. Lloyd Hind, B.Sc, F.I.C., H. Threadgold, B.Sc, A.I.C., and
C. W. B. Arnold, Ph.D., F.I.C.
In the course of the barley and malt analyses
carried out for the Institute of Brewing Barley
Research it became apparent that the process
prescribed for the preparation of the soluble
fltarch used for diastatic power determination
was not sufficiently precise. This was particu
larly noticeable in the case of barleys with
which different makes of soluble starch, all
apparently satisfying the requirements of the
standard method of the Institute of Brewing
Standing Committee for Analysis, gave very
variable results.
As long ago as 1904 J. S. Ford (J. Soc. Chem.
Ind., 1904,23,414) stated that" litmus whether
as paper or solution is useless for testing
starches." Further researches by the same
author and J. M. Guthrie published in the
following year (this Journ. 1905, 11, 206)
amplify the first paper and afford the strongest
evidence for the necessity for strict control
over the reaction of the soluble starch solution
used. Despite this the process prescribed for
the preparation of soluble starch in the
;• Standard Methods " (this Journ., 1922,28,775)
is content to rely upon neutrality to litmus
paper after washing with tap and distilled water.
The colour change of litmus may cover as wide
a range of reaction as that lying between j>n 4-5
to 8-3.
Ford and Guthrie suggested that the soluble
starch preparations should be neutral or faintly
acid to rosolic acid which would mean a pn
of about 6 -5. This point is reached by the use
of sodium bicarbonate andpotassium dihydrogen
phosphate. G. C. Jones as the result of an
exhaustive investigation of the same question
(this Journ., 1908, 14, 13) proposed that the
reaction of the starch solution should be con
trolled by the use of alizarin paste, and it might
be indicated that one of the best starches used
in the course of the present investigation was
prepared by his method and gave in solution a
j>B of 4-89.
Though these authors recognised the absolute
necessity of maintaining the reaction of the
soluble starch solution within narrow limits
the more precise methods for defining the
reaction in terms of hydrogen ion concentration
which are now used were not available at the
time they proposed the use of rosolic acid or
alizarin as indicators. The readiest method
for ensuring a constant reaction in solution is
provided by the use of buffer mixtures and it
should be suitable for the standardisation of
starch solutions if the buffer mixture selected
is without action on the enzymes of barley and
malt, other than is governed by changes in
hydrogen ion concentration, and, in addition,
has no action on Fehling's solution. H. C.
Gore (J. Amer. Chem. Soc, 1925,47, 281; this
Journ., 1925,' 31, 145) proposed the use of a
mixture containing equimolecular proportions
of acetic acid and sodium acetate. Each litre
of buffered 2 per cent, starch solution would
contain 10 c.c. of N/l acetic acid solution and
10 c.c. of a solution of sodium acetate containing
136 grms. CH8COONa, 3HSO per litre. The
addition of this buffer is calculated to bring the
starch solution to a pB of 4*6 which is very
close to the optimum reaction for the diastatic
conversion of starch, and the buffer has the
advantage of being easily made up from reagents
generally readily available.
W. Windisch and P. Kolbach (Woch. Brau.,
1925, 42, 139; this Journ., 1925, 31, 430)
suggested the use in each litre of starch solution
of 50 c.c. of a buffer containing 512 c.c. of N/I
acetic acid and 27-21 grms. sodium acetate per
litre. This would give a reaction decidedly
more acid than the optimum for diastase and
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our experiments indicated that however useful
it may be for malt or malt extracts it practically
inhibits the action of barley diastase. With a
certain barley whose diastatic power as deter
mined with an acetate buffered starch was
37 -0 it gave a diastatic power of 9 -5 the pn of
the starch solution being 4-1.
Several buffer mixtures giving pa values
between 4 -5 and 5 -0 covering the range usually
assigned as the optimum for the diastatic con
version of starch are available but for the pur
poses of this investigation the first choice fell
on the acetate mixture suggested by Gore in
the expectation that in it would be found the
most readily available method for controlling
the reaction of the starch solution and so
ensuring constant results with starches of
different origins which when unbuffered gave
variable results.
The reaction of the starch solution is only one
of the many factors which have to be carefully
controlled in order to obtain comparable results
in the determination of diastatic power, but it
is the only one with which this communication
is concerned. The addition of a buffer mixture
provides a much simpler method for ensuring
a constant reaction than any prescribed direc
tions relying on washing only or on neutralisa
tion to a given indicator, however conscien
tiously they may be carried out by independent
analysts. The addition of a buffer also goes a
long way to eliminate the chance of false results
through accidental and unnoticed contamina
tion of starch or distilled water.
In Table 1 are set out comparative determina
tions of diastatic power made with the same
malt and the same barley respectively, but
using different preparations of soluble starch.
In all cases the diastatic powers were determined
by Ling's volumetric method as prescribed by
the Malt Analysis Committee of the Institute
of Brewing (loc. cit.) but using Lane and
Eynon's mothylene blue indicator (J. Soc.
Chem. Ind., 1923,42, 33t) to mark the end point.
The j>n determinations have been very kindly
made by Mr. A. R. Keast with a quinhydrono
cell.
The soluble starches employed were prepared
as follows, in all cases, presumably including
those purchased from a well-known house.
Potato starch was treated in the manner pre
scribed by the Halt Analysis Committee with
variations in the method of washing and
neutralisation. The pa given were determined
on 2 per cent, solutions in distilled water with
a ^ of about 6 -0.
No. 1. Washed in distilled water
only Pa 3*89
No. 2. Washed first with tap water
and then distilled water, neu
tralised to alizarin paste with
NaOH ?h 489
No. 3. Washed with tap and dis
tilled water to litmus neutrality... pa 5-65
No. 4. Purchased J>H 6*33
No. 5. Washed with tap and dis
tilled water, using a little NaOH
to bring to litmus neutrality ... pa 6-60
No. 6. Purchased pa 6-70
Table 1.
Starch.
1
2
3 .
4
0
6 ....
PB
3-80
4-80
5-06
6-33
6-60
6-70
Diastatic Power.
Malt,
21-8
28-3
20- 6
24-7
230
Barley.
8-0
45-0
30-4
22-2
37-8
29-2
Of the starches used in the foregoing experi
ments all but No. 1 fulfil the requirements of
litmus neutrality (pH 4 • 5—8 • 3) laid down by the
Malt Analysis Committee but from the results it
is obvious that determinations by independent
workers using different starch preparations
would differ widely. Those marked purchased
are examples of the best that can be obtained on
the market from the most reputable makers and
it must be assumed that such starches are
frequently used. Nos. 2 and 3 were obtained
from well-known chemists as prepared and used
in their own laboratories. Nos. 1 and 5 were
made especially for these experiments.
It will also be noticed that the diastase of
barley is much more sensitive to variations in
reaction than the diastase of malt. In addition
it is to be expected that the absence of the
starch liquefying enzyme in barley would give
rise to variable results with starches which
have not been solubilised to an equal extent.
Variations which could be ascribed to this cause
are noticeable with the purchased starchea
Nos. 4 and 6.
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Preparation of starch solution and acetate buffer.
The acetate buffer solution used in the
following experiments contained 500 c.c. of
N/1 acetic acid and 68 grms. of sodium acetate
(CHsCOONa, 3H.O) per litre and had a pa of
4-6. The starch solution was prepared by
adding sufficient cold water to 20 grms. of
soluble starch to make a cream which was
poured into 400 c.c. of briskly boihng water
with constant stirring which was continued
while the starch solution was boiled for two or
three minutes. The solution was then cooled
to room temperature still stirring to prevent
the formation of a skin, the desired amount of
buffer added and the volume made up to one
litre. None of the starches employed gave a
precipitate with Fehling's solution.
Two per cent, solutions of the various
starches were then made up containing different
quantities of the buffer mixture per litre.
Determination of the pB of these solutions
showed that the starches exerted a varying
degree of buffer action but that the pa of all
the solutions were brought to a constant figure
by the addition of 20 c.c. of the buffer per
litre. In the cases of the starches carefully
prepared in the laboratories 10 c.c. of the buffer
appeared to be adequate but in order to cover
purchased starches as well 20 c.c. buffer solution
per litre seemed to be required. Table 2
includes an example of prepared and purchased
starches.
Table 2.—pB of starch solutions with buffer
additions in c.c per litre.
Starch.
No. 2 ....
No. 4 ....
C.C.
buffer.
pa
pa
0
4-89
0-33
5
4-78
10
4-63
4-72
20
4-61
4-61
00
4-62
80
4-GO
10 c.c. N/10 NaOH solution was added to each
at the conclusion of the hour and in addition
sufficient soda was added to each of the
buffered solutions to neutralise the acetic acid
present. The solutions were made up to 200 c.c.
and titrated against 5 c.c. of Fehling's solution.
The addition of methylene blue towards the
end point allows of a titration to 0-1 c.c. The
results in the case of malt are given in Table 3
and Table 4.
Table Z.—Diastatic Power of Malt.
c.c. buffer
per litre.
Starch .... No. 2
No. 4
0
33-8
14-7
5
35-6
20-8
10
36-0
21-0
20
36-0
21-4
40
21-4
60
21-5
Experiments with other starches have shown
that the difference between the diastatic power
as determined with unbuffered starch solution
and with either 10 c.c. or 20 c.c. of buffer in the
litre of 2 per cent, solution is frequently
round about 4 degrees Lintner.
In Table 4 are set out the results of experi
ments which show that 20 c.c. of buffer in a
litre of 2 per cent, starch is adequate to give
constant results, but that occasionally 10 c.c.
of buffer is as indicated by the pH determina
tions not sufficient.
Table A.—Diastalic Power of Malt determined
with 10 c.c. and 20 c.c. Buffer per litre Starch
Solution.
Starch.
Diastatic power determinations were then
made, with these buffered solutions and with
unbuffered starch, of a malt and a barley under \
standard conditions. 25 grams of the ground 3
material, finely ground, in the case of the barley 4 .... '...'.
were soaked in 500 c.c. of distilled water at 5
the laboratory temperature for three hours °
with occasional stirring. The extract was ———-^— ^^__
filtered bright and 3 c.c. added to 100 c.c. of
each starch solution. AH the flasks were main- In Table 5 are recorded the results of a set
tamed at 70 D. for one hour in a water bath, of determinations with the same barley using
Tunisian
Malt.
10 c.c.
buffer.
28-3
28-4
27-5
280
28-0
27-8
English Malt.
10 c.c.
buffer.
35-3
35-1
34-7
34-8
35-1
34-8
20-c.c.
buffer.
35-3
35-1
35-1
351
35-1
35-1
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the various starches unbuffered and with 20 c.c. Table 7.—Diastatic Power of the same Barley
of the buffer mixture per litre. with different Starches and different amounts
of Buffer Mixture.
Table 5.—Diaslalic Power of Barky with
various Starches buffered and unbuffered.
1
?
4
r,
6
Starch. No buffer.
8-6
390
35-2
22-2
34-4
26-0
20 c.c. buffer
per litre.
44-0
42-7
41-7
41-4
42-7
41-4
Starch.
1
2
3
5
6
c.c. buffer per litre starch solution.
nil.
. 5-3
. 29-8
. 23-8
. 24-7
. 190
6
30-4
30-2
27-8
31-7
27-2
10
33 0
32-4
30-3
330
29-0
20
33-2
330
30-3
33-0
29-0
From these results it appears—(1) that the
variation in the diastatic activity of the
enzymes of barley-as determined by different
unbuffered starches is greater than is the case
with malt and (2) that 20 c.c. of the acetate
bufier mixture does not give a constant result.
Experiments were accordingly made to
determine whether an increase in the amount
of buffer used over 20 c.c. per litre would lpad
to more concordant results. The results given
in Table 6, however, show that an increase in
the amount of buffer does not lead to constant
results with the same barley and that with
any given starch the maximum diastatic power
is obtained by using 20 c.c. of the buffer mixture
per litre of starch solution.
Table 6.—Diastatic Power of Barley with
different amounts of Buffer -per litre of Starch
Solution.
Starch.
4
5
c.c. of buffer per litre.
20
44-1
46-6
40
44-1
46-6
80
44-1
40-6
The greater sensitiveness of barley over malt
diastase to an excess of acid in the starch
solution is indicated in Table 7 by reference
particularly to the results obtained with starch
No. 1. This table also indicates that 10 c.c.
per litre of buffer is, as with malt, usually
sufficient.
It is obvious from these experiments that
the addition of the requisite amount of buffer
to a starch solution to give a constant pu is
not enough to ensure an accurate determination
of the diastatic power of barleys. Factors other
than the hydrogen ion concentration of the
reacting liquid are evidently involved. These
no doubt depend, on the one hand, on the
essential difference between the enzymes of
malt and barley and the inability of the latter
to saccharify gelatinised starch as distinct from
soluble starch and, on the other, on the pro
perties of the starch solution used. On its
colloidal state and the extent to which it has
been solubilised. Evidence of the bearing of
the latter factor is found in the appearance of
the starch solutions. Those which gave the
highest results gave limpid solutions. No. 3
was opalescent and Nos. 4 and 6 were very
distinctly less completely dissolved in water
than the others.
The only way to ensure comparable and
constant results in the determination of the
" Diastatic Power " of barley is to make use
only of completely solubilised starch and always
make the solutions up in the same way. Good
results are obtained by adding a cream of the
starch to boiling water and boiling for two or
three minutes with constant stirring after it is
all added. The solution should also be stirred
during cooling to prevent formation of a skin.
Finally, for 20 grms. of starch 20 c.c. of the
acetate buffer should be added and the solution
made up to 1 litre.
The adequacy of the suggested buffer to
overcome any reasonable deviations from the
optimum reaction, whether due to the use of
improperly washed soluble starch or to other
reasons was tested by the determintion of the
diastatic power of malt and barley with starch
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solutions to which £ c.c. of decinormal acid
or £ c.c. of decinormal alkali had been added.
The results set out in Table- 8 show that the
proposed buffering is adequate. In some of
the experiments 10 c.c. of the buffer were used
and in others 20 c.c. per litre, £ c.c. of N/10
acid (hydrochloric or sulphuric) and & c.c. of
N/10 caustic soda solution being added to the
reaction mixtures as indicated.
Table 8.—Diastatic Power determinations with
added Acid and Alkali.
Starch unbuffered
With J c.c. N/10 HCl
With * c.c. N/10 H2SO«
With J c.c. N/10 NaOH
Starch, buffered*
With J c.o. N/10 HCl
With * cc N/10 H8SO4
With | c.c. N/10 NaOH
pa
6-3
3-5
3-5
7-3
4-6
4-6
4-6
4-7
Malt.
18-6
21-2
21-2
12-8
24-0
23-9
24-0
23-7
Barley
28
4
nil
46-6
46-6
46-6
* 10 c.c buffer per litre with the malt.
20 c.c. buffer per litre ivith the barley.
Experiments vrith other Buffers and with Salts.
Several other buffer mixtures are available
for giving the range of hydrogen ion concentra
tion within which lies the optimum reaction
for diastatic action. Some of them, such as
the phthalatc mixtures, are not so generally
available or so easily made up as the acetate
mixture described and in consequence are not
so suitable for general use, neither do they
appear to offer any other advantages which
would cause them to be selected in place of the
acetate. Citrate and phosphate mixtures are,
however, generally available and as the phos
phate in particular gave some interesting results
experiments with some of these are set out in
Table 9.
Phosphate Buffer Mixture.
The two reagents used in the phosphate buffer
mixture were made up as 1-5 molecular
solutions and mixed in various proportions per
litre. They are Primary Potassium Phosphate,
M/l-5 KHSPO4 and Secondary Sodium Phos
phate M/l-5 Na*HP0« 2H,0, marked respec
tively P.P. and S.P. in the Tables.
Citrate Buffer Mixture.
Sodium Citrate containing 145*04 grams per
litre (c) and N/10 NaOH or N/20 HCL (HCl I
mixed in varying proportions per litre.
Table 9.
Buffer per litre
starch solution.
Without buffer ....
10 c.c. acetate
0-5 c.c. P.P. and 9-5 c.c. S.P
4-0 co. P.P. and 6-0 c.c. S.P. .
9-0 co. P.P. and 1.0 c.c. S.P
9-0 c.c. C and 1.0 c.c. HCl
7.0 c.c. C and 3-0 c.c. NaOH ....
pu
6-3
4-6
8-0
7-0
5-9
4-8
6-5
Malt
D.P.
27-7
34-3
21-8
27-4
32-2
34-3
30-9
Barley
D.P.
29-8
40-0
29-1
32-4
35-8
40-0
37-4
The acid citrate buffer gave the same result
in these experiments as the acetate buffer at
the same ptt but nothing would be gained by
substituting it for the acetate.
Salt Effects.
It remained to be determined whether any
of the salts used, or their ions other than
hydrogen, in the buffers had any effect on the
conversion of starch as this would rule them
out as suitable for use in buffers for the purpose
in view.
To test this starch solutions were made up
containing the salts or the buffers in quantities
greater than necessary for stabilising the j^.
It has already been shown that there is no
change in the diastatic power determined by
increasing the acetate buffer from 10 c.c. to
80 c.c. per litre. In Table 10 the results obtained
with various buffers used at the rate of 100 c.c.
of the buffer mixture per litre of starch solution
and also with their constituent salts at the
same rate are given.
Table 10.—Effect of excess of Buffers and Salts.
Buffer or salt solution per
litre of starch solution.
100 c.c acetate buffer
No addition
100 c.c. N/2 CHsCOONa,3H20
100 c.c. secondary phosphate ....
95 c.c S.P. and 5 c.c. P.P
60 c.c. S.P. and 40 c.c. P.P
10 o.c. S.P. and 90 o.c. P.P
100 c.c. primary phosphate
85 c.c citrate and 15 c.c. HCl ....
70 c.c. citrate and 30 cc. NaOH
pit
4-6
6-3
6-8
8-2
8-0
7-0
5-9
5-0
4-8
6-5
Malt
D.P.
40-2
31-9
31-5
20-0
25-6
55-9
70-8
79-0
75-5
35-4
Barley
D.P.
35-1
21-5
20-0
16-0
23-3
46-ff
52-5
56-0
54-2
The most striking result of these experiments
is the effect that primary potassium phosphate
has, in the quantities used, in activating the
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diastatic conversion of starch. Used in smaller
quantity, in the buffer indicated in Table 9,
this effect is not evident. The citrate-hydro
chloric acid mixture has a similar effect on the
starch conversion. The increase in starch con
version seems to be quite out of proportion to
the change in hydrogen ion concentration and is
no doubt connected with the phosphate ions.
The reduction in diastatic power shown with
the secondary phosphate and with the massive
dose of sodium acetate are on the other hand
more closely in accordance with the changes
i
In Table 11 are some further determinations
with phosphates. They were carried out
simultaneously with two different starches and
barley extract. The two starches gave solu
tions of approximately the same pa 6-5. They
furnish a further example of the effect of
differences in the colloidal condition of the
starch, more especially when used with barley.
The solution of Starch A was noticeably more
viscous and less clear than that from B. Even
with the addition of buffer the starch conversion
was less with A than B when barley diastase
was the converting agent. With malt diastase
the difference in the solubility of the starches
had no effect on the diastatic powers determined
with them when buffered, and much less without
buffer than was the case with barley.
Table II.
Addition per litre of
Btarch solution.
Starch.
No addition
20 o.c. acetate buffer ....
100 c.c. primary phos
phate
100 o.c. secondary phos
phate ..;
Barley
Diaetatic
Powor.
A
100
21-0
33-7
0-7
B
15-3
21-4
36-6
10-2
Malt
Diastatic
Power.
A
24-2
30-0
B
25-2
30-0
Diastatic Power.
Owing to the variation in the extent to which
soluble starch is converted by extracts of malt
or barley under different conditions of reaction,
and owing to the varying colloidal state or
solubility of different starch preparations there
is an ambiguity in the term " Diastic Power
in Degrees Lintner." It is equally essential
to specify standard conditions for the starch
solution as for the temperature and time of
reaction.
It would not appear to be advisable to specify
those conditions under which the greatest
degree of starch conversion would take place
as this can be increased to such a large extent
over that obtained with a pure soluble starch,
such as is at present generally used. Such an
increase could be brought about, for instance
by the addition of primary potassium phosphate
to the starch solution.
It would seem to be better to adopt such
conditions as standard as (1) can be readily
obtained and repeated with certainty, and (2)
will give results in close accordance to those
obtained with the best soluble starch and present
general practice.
It would be very difficult to formulate any
instructions for washing and neutralisation of
the soluble starch which in the hands of indepen
dent analysts would ensure constant conditions,
but such constant conditions are readily obtained
by the addition of a buffer to the starch solution,
when the diastase of malt is in question.
The incorporation of 20 c.c. of a buffet
mixture consisting of 10 c.c. N/l acetic acid and
10 c.c. molecular solution of sodium acetate
in each litre of 2 per cent, starch solution gives
with any reasonably satisfactory preparation
of soluble starch a solution of constant j>u.
The addition of this buffer appears to have no
other effect on the starch conversion than is
caused by stabilisation of hydrogen ion con
centration. The figures for diastatic power
obtained after the addition of this buffer agree
very closely with those obtained with the best
procurable unbuffered solutions of starch, and
in addition the solution is readily made up from
reagents generally available.
It is therefore suggested that the use of this
buffer be laid down as part of the standard
method for determination of diastatic power
and that attention be drawn to the necessity
for great care in the preparation of the soluble
starch for barley analysis.
Conclusions.
(1) Preparations of soluble starch from
different sources are liable to give very dis
cordant results when used for the determina
tion of the diastatic power of malts or barley.
(2) It is a tedious and difficult process to
prepare soluble starch that can be relied on to
give constant results.
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(3) It is rarely that a soluble starch is pro
duced which will give the same result as suit
ably buffered starch. Diastatic power deter
minations with the most carefully prepared
starches as a rule are slightly lower than with
a starch solution buffered to pB 4-6.
(4) Concordant results for malts with different
starches can be obtained readily by using
Sorensen's acetate buffer in quantity sufficient
to give a pB of 4-6.
(5) Concordant results for barleys can only
be obtained if in addition to buffering to a
constant pB every care is taken to UBe a per
fectly soluble starch.
(6) It is suggested that 20 c.c. of the acetate
buffer solution described be used in each litre
of starch solution as a standard practice in
the determination of diastatic power. This
amount is adequate for any starch which may
reasonably be employed, but great care must
be exercised in the selection of soluble starch
for use with barleys.
(7) No modification is proposed in the
standard method for determination of diastatic
power adopted by the Malt Analysis Committee
of the Institute of Brewing other than the
addition of buffer and, after completion of the
conversion, of 20 c.c. of N/10 NaOH solution
instead of 10 c.c. to stop the diastatic action.
MEETING OF THE LONDON SECTION HELD AT THE ENGINEERS' CLUB,
COVENTRY STREET, PICCADILLY, ON MONDAY, 12th OCTOBER, 1925.
Mr. C. A. Finzel, M.A., in the Chair.
A Discussion (abbidged) on the Present Season's Malts was opened by
Messrs. J. G. Daniell, G. T. Cook, J. Hunter and H. Heron.
Mr. J. G. Daniell said that as 1924 was
an exceptionally wet year, considerable trouble
was to be anticipated from beers brewed with
this season's malt. Indeed, the maltsters' fore
cast at the beginning of the year was rather
a gloomy one, but their fears, however, do not
appear to have been justified, and the general
experience endorsed the opinion expressed by
Mr. Field during the discussion on Mr. Stewart's
paper on the 1922 barleys " that brewers
have less to fear from a wet season than a dry
one."
The two outstanding features of the year have
been slower fermentations and extraordinary
good mild ale extracts; the mild ale extracts
being 2 lb. higher than last year. He had
found the fermentations to be about 10 hours
slower than last year; the heads looked strong
and healthy .throughout, the yeast crops were
good, and the final attenuations had come
down well. The beers have been sounder if
anything than last year, and have fined readily,
but the Pale Ale has taken longer to condition
in cask—which was to be expected with slower
fermentations.
The deliveries of malt have been very good
except that in the later deliveries the moisture
has been rather higher than usual.
On looking up brewing records and laboratory
figures for the last few years, it was surprising
to find how little variation there was in either
the mashing process or the analytical figures
from year to year, which indicates that maltsters
are able to make a standard malt whatever
sort of barley the season may produce. In his
experience malt stores extremely well in the
old-fashioned wooden malt bin, and it was a
great advantage to be able to use from the same
bulk for considerable periods.
It does not appear to be generally realised
that as far as price is concerned, English malts
compare very favourably with the usual classes
of foreign. The following figures show how
very closely the price of Australian malt has
followed that of the English P.A., and Cali-
fornian that of the English Mild Ale.
There were many brewers who, no doubt, had
good reasons for using a large proportion of
foreign malts in their beers, but in his opinion
larger proportions are used than are really
necessary to obtain those qualities of quick
conditioning and clarification, which are usually
supposed to be the characteristics of these
malts. The advantages these malts are sup
posed to possess are usually attributed to the
extra sun they get, but, on the other hand, the
